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(54)11tle: GRAFHimcmTAINING CX>MPOSmONS 
(57) Abstract 

Disclosed herein is a precursor powder composition comprising a resin, a combination of zinc dust, zinc powder and zinc-coated 
mlaospheres and giai^iilB, said powder being sohible in a solvem Uend at a fic^ 

decoupling the powder manufa^uring process ftom die end use of the powder which could be in a tiaditiaial scrivent-based paint Aiso 
disclosed are cMing oompositians for use In protecting metallic substrates from coirosion, comprising necessaiy additives and fifan fomiing 
substances including alkyl silicate, epoxy resins, powder and non-powder, and polyester resms, all die compositions bemg modified with 
dwm 4 to about 20 weight pereem giaphitB pcnwier based on lot^ 
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96/29372 PCT/DS96/D3089 
GRAPmTE^ONTAlNlN G COMPOSmONS 



Ronald R. Savin 

FIELD OF THE INVENTinN 

This invention relates generally to dry compositions comprising graphite 
dispersed uniformly therethrough for use in coating compositions for protecting 
metallic substrates. A binder/vdiicle and metallic zinc in various forms and are also 
necessary ingredients. Such conq)ositions may be suscq)tible to easy dissolution at a 
remote site so as to decouple the manufiEumiring process for the dry conqx>sition from 
the addition of any solvents, organic or otherwise, for the mamifiumue of a coating 
composition. 

BACKGROUND OF THE INVKNTIQN 

The outstanding corrosion resistance afforded by galvanizing has made it the 
most effective means for the long tenn protection of steel from oxidation (rusting) and 
subsequent corrosion. It is the conventional method of providing protection for 
guardrails, transmission towers, light poles, electrical equipm^ and dozens of other 
specific applications. Five mils or 125 microns of galvanizing will protect exposed 
equipment for a period in excess of 20 years. Guardrails may be coated with an 
average deposition of 75 microns and provide qiproximately 10 years of conv>sion 
protection in an average rainfall environment. Galvanizing is applied both by hot 
dipping and electroplating, in applications where sur&ce coatings do not provide 
adequate corrosion resistance. 

Galvanizing coating ccrnqpositions, also referred to as "zinc-ridi prhners", are 
made fiom zinc metal and become oxidized only when exposed to the elements. The 
high conductiviQr of galvanizing compositions provides excellent catfaodic protection 
to steel (which acts as the cathode, zinc being the anode), when exposed to a saline 
environment or other forms of oxidation caused primarily by water in its various 
forms, moisture, vapor and ice. Zinc-rich primers have been considered to be 
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e^timum ami-corrosion coatings on iron or steel su^^ However, certain 
problerns have restricted their use as industrial type primers. Tl^ action of z«« m 
irfribitingn.stisbasedonandectroch«ucalm^^^ 

substrate, h, order not to insulate the zinc particles f«»n each other and from 
substrate the prior art has considered it necessary to use very little bmder. wtth 
satisfec^y corrosion protection achieved only when the zinc to binder ratio is at least 
about 8.5:1.5 to 9.5:0.5. The high zinc level and the relatively high density of zmc 
often cause undesirable settling during short term storage. Hence. Aezinc isoften 
added just prior to jq^Bcalion and mixed rapidly during application to prevent settling 
and clogging of spray equipment. This deters efficient field use. 

Zinc rich primers have traditionally been Umited to application over bhisted and 
untreated steel. Passivation promotes adhesion to metal and includes the application 
of zinc phosphate or iron phosphate on to the steel substrate. The primary reason that 
zinc rich primers are not applied over iron phosphaied steel is that these primers do not 
possess sufficient conductivity to provide cathodic protection to iron phosphated steel. 

U.S. Patent 3,998.771. issued December. 1976 to T. J. Fends. Jr. et al. 
disdoses waler-based coating cooqiositiais for a^lication on iron supports to obtain 
and-coirosive coatings. Single phase compositions in this patent include about 2% to 
10% by weight of a non-volatile liquid epoxy resin, witti low viscosity, derived from 
bispbenol A and an epihalohydrin. e.g.. epichlorolqrdrin; about 2% to 10% by wdght 
of a modified polyamide. i.e.. an addition product of a water sohible polyamide and 
a Hquid epoxy resin: and about 55% to 70% by wdght of a zinc pigment havmg an 
average partide size of about 2 to 15 microns. 

U.S. Patent 4,417,007. issued November 1983 to G. A. Salensky et al. 
discloses a one component composition containing from about 4% to 25% by weight 
epoxy or phenoxy resin binder and a polyamine hardener, about 43% to 90% by 
weight zinc dust, about 3% to 38% by wdght Mnj04 fume pigment, up to 35% by 
wdght additional pigmenis indudmg pigment extenders and fillers (such as talc, clays, 
diatomaoeous sihca and silica), up to 5% by weight pigment suspension agent (such as 
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l^drous magnesium silicate and lecithin), and balance organic solvents. A 1 : 1 volume 
ratio of zinc dust to Mn304 is preferred. 



U.S. Patent 4,474,685, issued October 2, 1984 to N. Annis, discloses a 
5 molding composition comprising a polymeric binder and a multi-component 
electrooonductive filler system comprisiiig at least 2 monbors selected from the group 
consisting of particles of carbon black, gr^>hite and conductive metals, said metals 
bei^g selected fiom any of aluminium, copper, zinc or steel. 

10 U.S. Patent 4,885,324, issued December 5, 1989 to Hegedus et al., discloses 

a coating for metallic or polymeric composite substrates, which may be used both as 
a primer and as a topcoat, comprising a 2-component aliphatic polyurethane binder, 
with titanium dioxide, zinc molybdate, zinc phosphate and organic zinc salt and 
titanium dioxide in controlled amounts. No graphite or use th^eof is disclosed in this 

15 patent. 

U.S. Patmt 4,891,394, issued in January 1990 to the ^licant of the present 
invention, discloses a coatipg composition for die protection of metallic and 
non-metallic substrates against environmental attadc, comprisii^ about 10% to about 

20 25% by weight of a film-forming polymer which may be q)0xy resins having an 
epoxide value of about 250 to 2500, vinyl chloride resins copolymerized with 
polyisocyanates, and/or vinyl chloride resins copolymerized with melamines; about 
30 % to about 60 % by weight particulate metallic zinc; an agent for control of electrical 
conductive characteristics oonqmsing a crystalline silica having an oil absorption value 

25 of less than 20 as measured by ASTM Test D281-84, die volumetric ratio of such agent 
to the metallic zinc ranging from about 0.7:1 to about 1.25:1; about 2% to about 3% 
by weight of an agent for omtrol of rheological characteristics comprising a pyrogenic 
amorphous silica having an average particle size less than about 0.012 micron; and at 
least one solvent compatible with the polymer. 

30 

Bench patent application 2,602,239, published February 19, 1988 in the name 
of the applicant of the present invoition, discloses a two phase coatii^ conqposition 

3 
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comainiiig up to 70% by wdght of a powdered metal (based on the total weight of the 
ocmipositicm after admixture), fiom about 2% to 30% of a fihn-formiiig polymer, about 
2% to about 30% of a hardener for the polymer, at least 1 .8% to 30% of an agent for 
contzol of iheolo^cal characteristics, and up to 30% by weight organic solvents. The 
preferred polymer is an qx>xy resin havmg an average molecular weight of 3S0 to 
3800. The agent for control of rtieological characteristics comprises at least one 
pyrogenic silica and optionally at least one natural or transformation silica having an 
oil absoipdon value preferably not greats than 90 and more preferably not greater than 
40. In die spcd&c exanq>les, pyrograic alicas were used having average particle sizes 
of about 0.014 micron, about 0.007 micron and about 0.008 micron. 

U.S. Patent 4J48,194, issued May 1987 to Geeck, discloses a coatmg 
oon^osition for the protection of gas tanlcs, comprising a powder metal (sudi as zinc, 
cadmium, stainless steel, aluminum, alloys or mixtures diereoQ, a linear q>oxy or 
phenoxy resin having a molecular wdght of less Aan 15,000 cross-linked widi a 
blocked isocyanide, a suspension agent, a thixotn^ic agem, and "active" and 
"inactive" organic solvents. The proportion of powdered metal present ranges from 
13 to 52 parts per hundred. The suspension agent disclosed in this patent is 
polyethylene, and the thixotropic agent is silane- treated silicon dioxide, in amounts 
up to 2 parts per hundred. 

U.S. Patent No. 4,621,024, issued November 4, 1986 to F. A. Wright, 
discloses metal coated microspheres and a process for preparation of the microsfdieres. 
Particulate zinc, ahmiimim, silver, copper, stainless steel, platinum, gold, or mixtures 
thereof, having an average particle size of about 6 to 10 microns, are bonded to the 
sur£eioes of non-conducdve microspheres by means of a thermosetting adhesive coating 
on the microspheres with application of heat, followed by intermittent mixing m the 
absence of heat. The microspheres may be fly ash, ccHnprising about 80%-96% by 
weight alumina-silica, with minor amounts of iron oxide, alkaline earth metal oxides 
and alkali metal oxides. The adhesive binder preferably conqyrises an 
organo-functional silane and a copolymerizable mcmomer. In the final product the 
metal is ftom about 15% to about 30% by weight, relative to the weight of the 
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adhesive binder-coated microspheres. Although this patrat discloses average particle 
size diameters of m^ coated micixiqdiaes rangiqg from about 60 to 180 micnms, the 
assignee of this patent also produces zinc coated microspheres of smaller average 
diameters, e.g., about 2.5 to about 60 microns. 

5 

The use of zinc-coated microsphoes disclosed in the above mentioned U.S. 
Patent 4,621,024 in zinc-rich inorganic binder compositions has been proposed by the 
prior art, as a partial replacement for zinc dust. More specifically, substitution of 
between 20% and 40% by volume of zinc-coated microspheres, for the zinc dust, has 
10 been evaluated in a silicate primer (produced by Carboline Company of St. Lx>uis, 
Missouri, under die trademark "Carbo Zinc 1 1 Silicate primers of this type have 
a veiy slow curing time, and also require blast cleaning of the metal substrate prior to 
deposition of the coating. These coatings are electrically conductive. 

15 U.S. Patent 5,182,318 fthe '318 patent"), by the appUcant of the present 

imrention, discloses a coating composition exhibiting improved resistance to corrosion 
of metallic substrates. The ghiss microspheres m the '318 patent are coated with zinc 
and are concentrated primarity at die exposed surface of a dry coating, so as to provide 
corrosion protection to die substrate. The *318 patent provides suitable conditions (by 

20 solvent selection), for the hollow zinc-coated glass microspheres to rise to the surface 
of the coating, to provide the desired protection to the substrate. 

United States Patent 5,098,938, issued March 1992 to R. R. Savin, discloses 
a coating composition similar to tiiat of the above^entioned U.S.P. 4,891,394, 
25 wherein an epoxy resin fibn-fbiming bmder is used, and wherein at least four different 
size grades of pyrogenic amorphous silicas are present within q)ecified proportions and 
average particle sizes, together with a crystalline silica having an oil absorption value 
of less than 20 measured by ASTM Test D281-84. 

30 Canadian Patent 2,065,828 provides a waterborne zinc*rich anticorrosion 

primor which is based iqxm the combination of n^talUc zinc 
dispersion of a particular chlorinated addition copolymer. This primer can be 

5 



foimulated wittiout die need for ^gnificant amounts of organic co-solvents. There 
primers readily cure at ambioit teiiq)aatures, allow overcoatii^ shortly after drying, 
and produce films of desirable hardness, resiliency and adhesicm both to the substrate 
and topcoat. 

r^maiiiim Patent 2,074329 rdates to an inqnoved powder coating conq)ositi(m 
comprising (a) a resin, (b) a curing agent and (c) zinc, wherein die zinc is a mixture 
of (cl) lamellar zinc (zinc flakes) and (c2) mc dust. 

United States Patent 5,167,701 issued December 1992 to the applicant of the 
present invention, discloses a one-package zinc-rich coating composition having an 
inorganic binder v/tidi provides protection of metallic substrates against environmoital 
attack comprises, in vohune percent: ftom about 55% to about 60% of an alkyl 
alicate sohition having a solids owtent of about 35 % to about 45 % by weight; about 
10%toabcmt 14% zinc dust of at least one Afferent particle size grade; about 0.5% 
to about 2.5% zinc flakes; about 3% to about 6% particuhde ferrophoq)hate; about 
10% to about 17% of a particulate crystallme silica having an oil absorption value of 
less than 20 measured by ASTM Test D 281-84; about 1 % to about 2.5% of at least 
two difietent aze grades of pyrogenic amorphous silicas having average particle sizes 
ranging ftom about 0.007 to about 0.04 micnm; about 0.3% to about 0.5% of a 
wetting agent; and about 7% to about 8% of an anhydrous alcohol sohfoit. 

Snc powder has been used only rarely in zinc ridi coating systons due to its 
large particle size, heavy sedimenution problems and has been ignored as an 
acceptable pigment. While die term "zinc powder" has been and continues to be used 
interchangeably widi "zinc dust", as used hcrrin "zinc powder" only means metallic 
zinc in granular ftwm. having a particle size varying from about 20 microns to about 
60 microns. As used heron "zinc powder" also is different fix>m "lamellar zinc" or 
"zmc flakes", as used in die Canadian Patent 2,074,329, for reasons discussed above. 



Organic coatings made from zinc dust provide only limited protection tt) bare 
metal due to its much lower conductivity dian zinc metal caused by oxidation during 
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its manufacturing process. In conventional zinc ridi paints, the greater the 
conductivity the greater the area of acljacent bare ^eel that will be protected by the zinc 
metal. The level of adjacent bare metal protection is largely proportional to its 
conductivity measured m ohms/cm^ All galvanizing coiiq)ositions, prior to exposure, 
will measure total conductivity of 0.00 ohm/cm^ at 75 micron deposition, whereas zinc 
dust-rich industrial and maintenaiice coatings will measure from 1 to several dozen 
ohms/cm^ at 75 microns based on tbt percentage of zinc dust and tte particle size of 
the zinc dust utilized. In order to provide adequate cathodic continuity, zinc 
incorporated m primers customarily contains between 80-95 weight percentage of zinc 
dust by total wdght of the zinc and ttie Wnder, not mcluding otiier additives. The high 
percentage of zinc dust provides improved conductivity which leads to improved 
catiiodic protection, however, the high density and low binder content causes serious 
problems m handling and only moderate substrate adhesion. 

Another consideration is that inorganic zinc dust-rich coating compositions are 
difficult to manufacture and store because of tiie irreversible curing medumism 
triggered by exposure to moisture. Once the zinc dust has been added to 
zinc primer in die manufacturing process, the moisture curir^ mechanism is activated. 
Eq)05ure to a mminium relative humidity of 50% effix^ 

rich coatiqgs. Any e}qx>sure to moisture m the manufacturii^ or packaging process 
will destabilize the primer by pronature curing, resultii^ in a product that will gel m 
the container m about two days. These coatings have flierefore beai manufactured in 
inert envux>nments, using nitrogen blankets to prevent moisture contamination. One 
package longer shelf life zinc primer coatings have been mark^ only m small 
volumes, smce the nitrogen blanketing equipment necessary to produce such coatings 
in a stable form, is specialized and cxpcsmvc. 

Despite the sensitivity to moisture, inorganic zinc rich coating compositions 
continue to be the most used coatings to prevoit environmental attack. 

U.S. Patent 5,338,348 ("the *348 patent") discloses a coating conqx)sition for 
use in protecting metallic substrates ftom corrosion, comprising in weight percent. 
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based on the total wdght of die conqiosition: from about 7% to 35% of film-fonning 
substance: from about 35% to 55% of zinc powder (as defined above); from about 5% 
to 25% of zinc flakes; frran about 1% to 5% at least oae kind of amoiphous alica; and 
up to about 30% particulate ferrophosphate. No microspheres, zinc or glass, are 
utilized in die compositions of this inventim. 

U.S. Patent 5,384,345. issued January 4, 1995 to Naton, discloses a 
composition comprising a mixture of about 5 to 60 weight percent of at least one 
water-insoluble polymer, 1 to 30 weight percent of inorganic or synthetic resinous 
hollow microspheres and about 10% to 85% of at least one volatile organic liquid, 
which is a solvent for the water-insoluble polymer disclosed above. Preferably, these 
conqxsitions may also contain, at least one sdid particulate inorganic filler. Thefiller 

can be fumed silica. 

U.S. Patent 5,399,189. issued March 21. 1995 to Glorieux. discloses anti- 
corrosive compositions for metals, said compositions comprising a curable binder of 
polyuretfaane. 0.5 to 6 weight percent based on die total weight of die composition 
before curing, of a filler selected from hollow expanded microsidieres. having a 
diameter of one to 100 micnimelBis and optionally, at least one fiUer or additive. The 

filler may be sdnc or a alicale or aluminum or an iron oxide. 

U.S. Patent 5,413,628 discloses a stable coating composititm for use in 
protecting metallic substrates from corrosion, conq)rising in weight percent, based on 
dB total weight of die composition: from about 7% to 35% of alkyl silicate as a fihn 
fonning substance; from about 35% to 55% of zinc powder (as defined above): from 
about 5% to 25% of zinc fiakes: from about 0.2 to 5% of at least one amoiphous 
silica; and up to about 30% particulate ferrophosphate; wherein die alkyl sUicate 
comprises, in weight percent, based on die weight of die alkyl siUcate: from about 5% 
to 20% of teoaediyl ordiosilicate. 

per pubUcation WO 96/05257 discloses a coating composition for use in 
protecting metallic substrates from conosion, comprising in weight percent, based on 

8 
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the total weight of the composition: fix)m aboiit 10% to 20% of a film forming 
substance; firom about 45% to 55% of zinc powder; from about 25% to 35% of zinc 
dust; from about 1.5% to 2.5% of hollow glass microspheres having diameters ranging 
from 1 to about 150 microns and a true density of 0.3 to 1.1; firom about 2% to 15% 
by wei^ of the fifan forming substance, of a hardener; about 1% to 2% by weight of 
the film forming substance, of an ieunorphous silica; and about 0.3% to 1 % of a flow 
control agent. 

None of the above patents or patrat applications disclose the use of graphite in 
corrosion prevention coatings. The use of graphite instead of conventional pigments 
in conductive coatings, results in improved ovorall electrical conductivity; lower 
ovaall spedfic gravity of the cc«ting; improved trasile strength, flexibility, corrosion 
resistance, and watw-vsqwr inq)eimeability . All of the following patoits disclose such 
use in one way or the other. 

U.S. Patent 3,838,495 issued October 1, 1974 to Kuhnert, discloses a method 
of formmg partially or completely closed sheet m^ structures havmg a corrosion- 
reasiant ooatmg surface by welding together shaped m^ parts to jom the strucnires. 
The coatmg material is said to be electrically conductive and suitable for welding. 
Broadly spealdqg, the coatii^ material is said to have a high metal and/or graphite 
content and a hardenable bonding agent. Preferably, the coating material is said to 
contain at least 50% by weight of at least one material selected from metals and 
gr^hite. WhUe Kuhnert allows for the use of zinc in combination with graphite, no 
specific exanq)le is revealed, wherein such a combination is utilized. 

U.S. Patent 4,081,423, issued March 28, 1978 to Hardenfelt discloses a coating 
composition for producing a metallic appearance including an organic binder 
containing a finely divided metallic powder of a grain size not exceeding 1 mm and 
fiirther including a substantial amount of powdered graphite. 

U.S. Patent 4,545,926, issued October 8, 1985 to Fouts, Jr. et al., discloses 
conductive polymer compositions, conqmsing a polymeric material having dispersed 
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theran conducdve particles composed of a bigbly-conductive material and at least one 
particulate filler. A first particulate filler comprises a m^ selected from nickel, 
tungsten, molybdenum, iron, diromium, aluminium, copper, solar, gold, platinum, 
tantalum, zinc, cobalt, brass, tin, titanium and nidirome. A second particulate filler 
comprises a non-metallic conductive material such as carbon blade or graphite. 

U.S.P. 5,284,888 discloses a corrosion inhibiting, EMI/RH shielding 
composition comprising a polyurethane resin which comprises a hydroxy or amine 
ftmctionai first polymer and an isocyanide, or isocyanurate terminated second polymer, 
a stabilized conductive filler, and an azole. The term ''stabilized conductive filler" as 
used herein refers to any dectrically conductive filler which has been treated such that 
the surfaces of the filler particles are protected from oxidation and the filler remains 
dectrically conductive after such treatment. These stabilized fillers, when used in the 
coating compositions of the mvration, have been found to greatly increase the 
resistance of the coated substrates to corrosion, especially during long term exposure 
to salt fog or heat, while maintaining sufiident dectrical conductivity to provide 
EMI/RFI shieldmg. Fillers whidi may be stabilized include, but are not limited to 
nickel coated gnq>hite containing fibers. The invention fiirther provides a method of 
composition a substrate with a composition of the invention in order to provide 
ENO/RHdiielding and prevent corn)^oa, and a siibstnuet^ It is to be noted 

that by coating the graphite, this invention teaches agamst the use of graphite by itself. 

In Japanese Patoit Publication No. 24566/74, there is ftwnd an example of 
twoJayer dectrodqjosition by electrodcposition coating. The method of this Japanese 
Patoit Publication No. 24566/74 is concerned with a m«hod in which using black iron 
oxide as an essential conqwnent and an anionic electrodcposition paint composition as 
a vdiicle, an article to be coaled is subjected to dectrodqwsition coating and baked to 
ftmn an dectrically conducdve coating fihn with mariced properties regarding adhesive 
strength, electrical conductivity, surfiace characteristics, and corrosion resistance, and 
a second coating layer is fiirther provided thereon by electrodcposition coating. In 
Japanese Patent Kokai (Laid-Open) No. 51958/84, in order to unprove the quaUty of 
the method of the aforesaid Japanese Patent Publication No. 24566/74, a coating fihn 

10 
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as a first coating layer is fonned from a combination of a cationic electrodqx)sition 
paint composition with, as an electrically conductive substance, finely divided carbon, 
i.e., carbon black and/or gr^hite, whereby uniformity of the resulting coating fihn 
and high dutywipg property are attained, and in order to further improve the corrosion 
5 resistance, lead compounds sudi as, for example, lead silicate, lead chromate, lead 
acetate, or lead lactate are added. 



U.S.P. 5,275,707 discloses a method of coating a m^ article by fonning a 
first electnx]q)osition coating layer having varistor properties on a metal article by an 

10 electrodeposition coating method by use of an electrodeposition coating film-fonning 
compositian containing from 7 to 50 parts by weight of an electrically soniconductive 
substance per 100 parts by weight of the solid content of the composition, and thM 
fonning a second electrodeposition coating layer on said first electrodeposition coating 
layer by an electrodeposition coating method by use of an anionic or cationic 

15 electrodeposition paint while applying a voltage exceeding the varistor voltage. The 
coating composition thus-produced has excellent varistor properties with superior 
corrosion resistance. 

U.S.P. 5,275,707 discusses Japanese Rttent Publication No. 24566/74 and 
20 Japanese Patent Kokai (Laid-Open) No. 51958/84 thusly: 



"[Qn the case that carbon black and/or graphite which is finely divided 
carbon is used as an electrically conductive substance as in Ji^mnese 
Patent Kokai (Laid-Open) No. 51958/84, since the electiodqx>sition 

25 coating is carried out by usmg a cationic electrodeposition paint 

oomposidon but not an anionic electrodq>osition paint composition, the 
corrosion resistance of a formed coating film is inqiroved. However, 
since carbon black and/or grs^hite does not basically have rust 
resistivity, the electrodq)osition paint is mferior to usual cationic 

30 electrodqxjsiticm paints free fitnn carbon black and/or graphite in tarns 

of the lust resistivity, i.e., corrosion resistance. Moreover, though it is 
described that in order to improve this corrosion resistance, it is 
preferable to add a lead oonqiound, dne is involved a defect that in the 
case that an dectrically condixctive dectrodeposition paint contains such 

35 a substance(s) in an amount necessary for attaining the generally 

reqmred corrosion resistance in cadonic electrodeposition paints, the 
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diqxxsion is difBcult. and a unifonn dectrically conductive coating fihn 
is hardly obtained." 

Thus, it is seen that U.S.P. 5,275,707 teaches against the use of graphite in coating 
o(»iq)ositi(His because: (1) it is said to reduce rust resistance; (2) dispersion of coating 
compositions containing graphite is said to be difficult; and (3) a unifonn electrically 
conductive coating fihn is not obtained. 

U.S.P. 5,213,846 discloses a corrosion resistant coating composition 
comprising (D 100 parts by wdgjhl of a bisphenol type epoxy resto comprising 
bisphenol skeletons and epiddorobydrin sketetons and having at least two epoxy groups 
per molecule, said tnqdienol skdetons oonqmsing bi^henol A skeletons and bisphenol 
F skeletons in a weight ratio of ftom 95:5 to 60:40, and (U) from 5 to 400 parts by 
weight of silica particles. 

The steel plates treated by the coating composition of U.S.P. 5,213,846 are 
likely to be subjected to welding. Therefore, it is preferred to incorporate gr^hite 
particles to die coating composition, so diat a coating layer having excellent weldability 
will be obtained. The graphite particles are incorporated to improve the weldiMUty. 
For tins purpose, die particle size tiwreof is preferably at most 1 lan. Typical 
commercial pioducts of such graphite particles include, for example. Hitasol GO-102. 
Hitasol GP-60 and Hitasol GP-82 (nractoiames, manufactured by Hitachi Funmatsu 
Yakin K. K.), and Sq)ercoropbite #15, Sup«corophite #15Z. Siq)acorophite #15B. 
Pnjpbhe AS, Prophite W-300D, Baneyphite P-«>2, Baneyphite BP-4, Baneyphite 
BP-112. Baneyphite C-812 and Baneyphite C-9A (tradenames, manu&ctiited by 
Nippon Kokuen Shorji K. K.). Tbe graphite particles are preferably incorporated m an 
amount of from 0.1 to 30 parts by weight (as solid) per 100 parts by weight of die 
bisphenol type epoxy resin. If dje amount is less than tiiis range, no adequate effects 
for improvemem of the weldabiUty will be obtained. On the odier hand, if an excess 
amount is incorporated. processabUity during press pnxessing and fte comMdon 
lesistance tend to be low. TTius. as before. U.S.P. 5,213.846 teaches away from using 
graphite if sq)crior corrosion resistance is desired. 
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U.S.P. 4 J99,9S9 discloses inqnoved coatitig oonqxJSiitioiis intended to improve 
the chaiacterisdcs of a metal substrate, eqjecially threaded substrates. The composition 
incorporates at least a liquid composition containmg hexavalent dux)mium, and a 
powdered mml. The composition additionally incorporates a lubricant which is solid 
5 at the temperature of use of the substrate. The invoition also relates to a process for 
making use of diese compositions and to threaded components coated in this manner. 

In the conqjositions according to U.S.P. 4,799,959, the solid lubricant, which 
is prrferably a fluorinated polymer such as polyteirafluorocthylene (PTFE), MoSj, or 

10 graphite, or their mixtures, is preferably mixed wiA the particulate metal, but may also 
be packaged separately. The solid lubricant is preferably in a finely divided form, for 
example a powder or microspheres, and is preferably dispersed in the presence of a 
nonionic surface-active agent (disporsant or surfactant) such as a poly^hoxy 
alkylphenol addition conq)ound, for example Triton CF 54 (Rohm and Haas). This 

15 sur&ce-acdve agent is enq)loyed in a quandQr of between, preferably 1 to 25 grams per 
liter (g/1) of the total composition, preferably in the proporticm of S to 10 g/1, because 
this component clearly improves the resistance of the coatings according to Ae 
mvention. This sur&ctant will also permit the dispersion of the various oomponrats of 
the composition, espGdaUy the particulate metal. The solid lubricants are employed m 

20 quantities such that they result in concentrations by volume of on the order of 0.5 to 
less than 10% of the dry coating. Clearly, in this case the graphite is present as a 
lubricant. 

U.S.P. 4,411,742 discloses a high lubricity codqx>sit of 2inc and graphite, and 
25 an improved method for dq)ositing die codeposit, is disclosed. The coating is 
characterized by a coefficient of fiiction equal to or less than 0.130, and a high 
resistance to corrosion evidenced by no red nist in a salt spray environment for 72 
hours and no destruction due to corrosion m an industrial environment, containing 
sulphur dioxide, for four months. Whoi the codeposit additionally has a chromate 
30 outer coating, the system has a coefficient of fiiction equal to or less than 0.112 and 
has no red or white rust in a salt spray enviranmat for at least 120 hours. The 
codqxxdt is applied by immersing a cleansed metallic substrate in an acidic zinc plating 
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dectrolyte containing at least 40 gA zinc ions and 30-1 10 g/1 insoluble bulk graphite, 
wifli a pH of The cell of which the electrolyte is a pan is oeigized to plate out 
a co-depoAti die grqdnte is oontinuoasly agitated while in sohition. die agitation bemg 
periodically internqMed to allow die graphite to settle and saturate the zinc mterfece as 
it is plating out. 

U.S.P. 4,411,742 represents the discoveiy that a codeposit of zinc and graphite 
provides an unusually good combination of physical charactoistics including a 
coefficient of firicdon comparable to cadmium and, in a more particular aspect, an 
inqiroved m^od of effectively electrodepositing zinc and graphite onto at least a 
vntical conductive metal surfece. The codeposit is a high lubricity coating material 
ccmsisdng of electrocodqiosited zinc and graphite uniformly distributed, die graphite 
being present hi an amount of 3048 % by weight of die oodqiosit (diis percentile of 
gnqdute is oidcal to die success of dns codqwsit). and die coadng Yaviag a coefficient 
of friction equal to or less dian 0.130 at a phtted diickness of about O.OOS mdies 
showing (a) no red lust in a salt spny environment for at least 72 hours, and (b) no 
destruction due to oorroaon m an industrial envuonment containmg sulphur dioxide 
after four mondis. It is inefeiable diat die material have a chemicalty ap^^ 
zinc chromate at a diickness of 0.00002 inches so diat optimally die coated 
combination will exhibit consistent torque performance at a torque load of 40 pounds, 
a coefficient of friction of about 0.112 or less, and no red rust m a salt ^y 
environment for at least 120 hours. When die codqiosited coating is appUed to a 
threaded fostener. die festener will preferably exhibit a consistem torque tension 
rdationship during tightening and have good solderability characteristics using eidier 
a resin solder cord or a zinc chloride contuning flux. 

Impoi tandy, dus patent does not contain a vehicle or a binder, and requires that 
giqdute be present at a nnichhi^ level dianm die present appUcation. bqiortandy, 
the present apphcaaiou achieves bodi excellent cadiodic corrorion protection and 
excellent flexiWliiy and adhesion. Such flexibiliiy and adhesion would be detrimentally 
affected at die high levels of graidiite in die coating of U.S.P. 4.41 1 ,742. Also, die 
composition of U.S.P. 4.411,742 is "an electrolytic codeposit". whereas die present 
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composition cannot be desoibed as such. The addition of gr^hite to the zinc in the 
compositions of U.S.P. 4,411,742 reduces the corrosion resistance, whereas the 
addition of gnqphite to the presrat conqx)sition improves corrosion resistance. 

5 In any case, there is no disclosure or suggestion or motivation in any of the 

prior ait documents discussed above of die desirability of a soluble graphite containing 
zinc-ridi composition so as to decouple manufacture of the dry conqx>sition from use 
of the solvoit. 

10 The present application allows the solvent paint industry, a means of 

manufacturing solvent coatings, without the utilization of solvent prior to the 
manufacturing, packaging and ^pment of die processed powder. Hence some of the 
advantages possible in powder coatings are possible by use of the present invention. 
Some of the advantages of Electrostatic powder coatmgs are: 1. Solvent-free 

15 manufacture, 2. solvent-free application, 3* recovery of over-sprayed powder, 4. no 
volatile oiganic content restrictions (VOQ, 5. ease of shipment (boxes may be used, 
not drums), 6. reduced volume (no solvent), and 7. automated heavy volume 
production pos^le, etc. 

20 Some of the disadvantages inherent in powder coatings are: 1. high cost of 

laboratory manufacture and application equipment for moving-line production, 2. the 
profitability of powder coatings is low, and 3. as primers typically require about 45 
weight percent pigment, because of their pigment volume concmtration, for effective 
corrosion resistance, powder primers are virtually non-existent as 45 % pigment will 

25 not melt on hot metal. This is because zinc powder has zero oil absorpticm, thereby 
pmnittii^ compositions containing high vohmm of zinc powcter (up to about 50%), 
to be extruded and melted easily. 

The present invmtion, by rrtaining the advantages inherent in powder 
30 processing, while allowing ttie onsite mixing of the compositions of the present 
invention wifli solvents, effectively removes the above-listed disadvantages associated 
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with powder coatings tedmdQgy. Thus, the present mvention affords benefits of both 
technologies, namely powder coatings and solvent-based non-powder technologies. 



}tf^I |WIMARY OF THE INVENTION 

It is a primary objea of the present invention to provide a dry composition 
including a binder, a zinc-containing substance and graphite, wherein said dry 
composition is easily dissolved in a solvent at a site remote from the manufecturing site 
of the dry composition so as to decouple the dry composition manu&cmre from use of 
the solvent. 

It is an object of Ae present invention to provide a low-cost cathodic coating 
composition having enhanced corrosion protection properties, comprising graphite 
powdCT. 

ft is an daect of the present nnwntion 10 provide a graphite contaming zinc-^^ 
coating compositian wWch overcomes tiie combined disadvantages of present morganic 
and organic coating compositions in a cost rifisctive mamm. 

It is yet anotiier object of die present invention to provide a catiiodic coating 
composition which deUvers enhanced corrosion protection to metalUc substrates 
suscqitible to environmental attack. 

It is also an object of tiie presoit invention to provide a cathodic coating 
composition which coating may be described as a good conductor (or which has a 
minmnun conductiviQr of 3 ohms/cm^. 

ft is a still furdier object of die presem invention to provide a cathodic coating 
composition havmg gieatiy improved adhesion to metaUic substrates as compared to 
convoitional zmc-rich catiiodic coatings. 
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It is yet another object of the present invention to provide a cathodic coating 
conqx)5ition haviiig greatly inqiroved flexibility as compared to convmtional zinc-rich 
cathodic coatings. 

It is also an object of the present invoition to provide a cathodic coating 
composition with entianoed water-viq>or in4)ermeability. 

h is a primaiy object of the present invention to provide coating compositions 
with relatively low overall specific gravity, thus allowing easy fluidization, when used 
in the form of a powder coating. 

To achieve the foregoing and other objects, and in accordance with the first 
aspect of the presmt invention, there is provided a composition conqnising zinc in the 
form of zmc powder and/or zinc dust, a resin binder, gnqihite powder, wherein the 
weight percentage of zinc as part of the combined amount of zinc and binder is from 
about 75 to about 90%, and graphite is present at a level of about 20-60 weight % of 
the binder, and wherein said composition is prepared by dry blending of all the 
ii^gredients followed grinding and screening. 

In accordance with die second aspea of the present invention, there is provided 
in a process for the manufacture of a solvent based coating composition, an 
improvement process for decoiq)ling the use of the solvents from the formation of the 
remainder of the coating, comprising the steps of: diy blending a mixture of zinc in 
the fbmi of ziix: powder and/or zinc dust, a resin binder and gr^hite powder, wherein 
the weight percentage of zinc as part of the combined amount of zinc and binder is 
fiom about 75 to about 90%, and graphite is present at a level of about 20-60 weight 
% of the binder; grinding and screening said particles so that the particle size of a 
substantial majority of said mixture is less than 40 microns; and dissolving said 
screened mixture in a suitable solvent at a location remote from site of said above two 
steps. 
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In accoidance with the third aspert of the present invmtion, there is provided 
in a coating composition comprising a resin binder, the unprovement comprismg: 
from about 50% to 80% of a zinc containing substaiBx; and from about 4 to 20% of 
graphite. 

hi accordance widi die fourth aspect of the present invention, diere is provided 
a powdff coating composition comprising: from about 15 to 20 weight percent qwxy 
resin; from about 15 to 20 weight percent phenolic hardener; from about 15 to 20 
weight percent of a modified zinc phosphate; from about 25 to 35 weight percent of 
hoUow glass microspheres; from about 10 to 15 weight percent of a graphite powder; 
and from about 10 to 15 weight percmt of modified CaSiO,. 

hi accoidance whh the fifth aspect of die mvention, there is provided an air-dry 
two part coatuig composition oanqmsmg part A and part B, wherem part A comprises 
from about 20 to about 30 wdght pocent of an qpoxy resin, from about 10 to 20 
penxntofa modified zinc iriios|diate, from about 10 to 15 percent of modified CaSiO,. 
from about 20-30 weight percent of hollow glass mioospheres, fnm about 10-15 
percent of graphite powder and from about 8-12 pocent of di-iron phoqihide; and 
vAierein part B conqxises from about 15-25 weight percent of a curing a^t and about 

75 to 85 percent of a sohrent; part A bemg easily dissolvable in part B. 

Therefore, the present mvention proviites novel and unobvious coatmg 
conqxKidoiis and processes including the use of graphite ftw use as protection against 
corrosion for substrates including but not limited to: 1. Railroad rolling stock; 2. 
Dams, Bridges and Uft gates; 3. Storage Tanks; 4. Ships and Port FaciUties; 5. 
Guardrails; 6. Transmission Towers; 7. Trucks, Automotive Parts and Chassis; 8. 
Silos and Grain Storage; 9. Ught poles; 10. Gutters and Downspouts; 11. Air 
Canditiomng Equipment; 12. Washers and Dryers; 13. Wire Fencing; M.Ducting; 15. 
Corrugated Metal; 16. Pipe, Plumbmg and Tubing; 17. Fasteners; 18. Steel 
Remforcement Bars; and 19. Off Shore Drilliiig Phitforms. 
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The following d^cription provides preferred embodimnts of the various 
aspects of this invention, simply by way of illustration, of some of the best modes 
contemplateid for carrying out die invention. As will be realized, tibe invention is 
capable of modification in various, obvious aspects all without dqiarting from the 
5 invention. Accordingly the description will be regarded as illustrative in nature and 
not restrictive. 

DETAILEP DESCRIPTION OF TH E INVENTION 

10 Extensive testing has established that with increased cathodic continuity 

(conductivity) the area of adjacent bare m^ protection is proportionately increased. 
The level of protection afforded to adjacent bare metal is traditionally determined by 
testing the surface conductivity in ohms/cm^. In the present case, this level of 
protection was detennined by drilling 6-8 nmi holes Arough the coating to bare m^. 

15 This testing method reduced the testing period from thousands of hours to less than 
500, therd>y redudng laboratory test time. Also the method has proved to be 
conchisive in d^ermming the quality of bare metal protection. 

The out^anding corrosion resistance of galvanized metal has nuule galvanizing 
20 the most dfective means of long term protection of steel from oxidization and 
subsequent corrosion or red rust. Guardrails, transmission towers, light poles, 
electrical equipment and hundreds of application protected by galvanizing have 
provided cathodic protection for periods iq> to twenty years. A galvanizing 
conqx)sition conq)rises essentially pure zinc metal witiiout a binder and therefore is a 
25 sapaAor conductor for cathodic protection and provides wiaT imiifn corrosion resistance 
when 24)plied over a steel substrate. Its life cycle is determined by: the level of 
dqx)sition and environmental factors inchiding water (H2O) in its varioiis forms; rain, 
moisture, saltfc^ and saltwater m addition to industrial pollutants that can considerably 
reduce its life ^cle. The above-described performance of galvanized coatings in 
30 combating corrosion m steel substrates has caused non^vanized coalings such as the 
coatings of the present invention to aspire to achieve ttie same or similar level of 
protection as galvanized coatings. 

19 



^ PCr/US96rt)3089 

WO 96/29372 

To this end. coatings of the present invention (coatings of the present include 
both spnyaWe powder coatings as discussed herein, and solvent-based coatings of the 
present invoition wheUier they are made from the soluble diy compositions of the 
present invention or not), provide consistent cathodic conductivity tiffoughout die 
5 primer surfiw» producing a resistance readiiig less than 20 K-^ 

dielectric (non conductive surface), producing cathodic conductivity infinitely greater 
tiian can be measured with conventional, prior art zinc dust technology (organic and 
inorganic). When electrical resistance of sqiproximalcly 20 K-ohm is achieved (as in 
the present invention), red rust is prevented for a period in excess of 500 hours, over 
10 a primed iron phosphated panel of cold rolled. 1000 bonderize or btasted steel 
subjected to a 5% NaCl saltfog (conditions equivalent to ASTM, B 117 saltfog 
exposure), witii several 8nun holes drUled tiirough the panel. Conventional organic 
zinc-rich primers manufectured with zinc dust provide only limited area protection to 
exposed bare metal (limited to a scribed area), due to zinc dust's lower conductivity 
•15 caused by oxidation during manufiwture. Thus, conventional organic zinc-rich 
coatings with an epoj^ resin as die fihn-forming substance (witti a 90 % zinc content), 
on die other hand, will develop total red rust in die driUed areas wifliin a few days 
when exposed to the same environment. 

20 The following list describes several important and unique properties achieved 

by die coatings of die present invention: 1. DaiSittI The weight per gaUon at equal 
volume soUds is considerably reduced due to an effective lower zinc to binder ratio; 
2. Cost: Up to a 30% lower raw material at equal vohmie solids: 3. SsififfiSD^SDl 
Soft setting is consistent diroughout diis development as aU formulae are relatively 

25 diixotiopic; 4. Ap plication over Phosnhated Steel: A dramatic huaease in cafliodic 
continuity and conductivity is effective in producing protective white rust to adjacent 
bare metal, (several 8mm holes driUed tiirough die coating remained free of red rust 
in excess of 500 hours): 5. Hexibititv: Organic zinc rich formulae including powder 
consistendy provide 160 lbs ftont and reverse impact resistance, an essential 

30 requirement for reinforcement bars or over coU coated or steel diat is to be 
postformed; 6. Deposition: The tiuxotropic property of tins development permits 
depositions up to 125 microns witiiout sagging; 7. APPtiCStiftll ftwerties: Widi dw 
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exception of the powder development all primers can be formulated for spray, brush, 
dip or roller coat application; 8. Low Density Microsphere PrimCTs: Zinc coated 
micro^heres pioduce ^fective zinc rich organic primers at less than 12 lbs/gal at 55% 
volume solids; 9. Ease of Recoatability: All development both inoiganic and oiganic 
5 are recoatable with conventional solvent and wat^bome topcoats; 10. User Friendiv 
faorpmic Zinc primers: Manu&cturipg, padoigiiig and storage of the single component 
moisnire cured ethyl silicate develqmient does not require a nitrogen blanket. 
Packaged material can be opened and closed repeatedly without risk of gelling; a 
problem consistrat with inorganic zinc ridi primers exposed to moisture; 11. Color 

10 Development: Primers containing mostly zinc powder can be tinted to match himdredss 
of light and medium tone industrial primers; 12. Ease of Spot Wel^ j^g; The ultra high 
conductivity of this development provides superior welding properties; 13. VOCs: 
Both the inorganic and organic primers can be formulated to achieve a VOC of 2.94 
or lower; 14. Powder Application: This developmnt is available in both epoxy and 

1 5 polyest^ primers providing excqptional anti-corrosion resistance. 

With respect to the process aspect of tfie present invention, it has been found 
that fine particle-size graphite (approximately 10 microns) is preferred for providing 
high conductivity to the remainder of the con^osition for s^lication over treated metal 

20 (zinc and iron phosphate). Graphite reduces the aiqiarentdaisity of the competitions 
disclosed herein from plus or minus 2.2 to plus or minus 1.3, thereby providing a 
thixotropic solution when the sohrent or resin-solvent solution (curing agent-solvent 
solution) is added at the application facility factoiy or maintenaiK:e site (such as a 
bridge or a dam, &c.). Without the gnqihite, hard settling would happen, which is 

25 obviously unacceptable. This invention permits the manufacturing and shipment of 
corrosion*resistant primers without the utilization of solvent. 

All final coatings of this invention include powdered gn^hite dispersed 
uniformly throughout the thickness of die coating. From about 4 to 20% of giaphite 
30 by weight of the total composition is necessaiy for the practice of this invention. 
Powdered grqihite Grade No* 4014 or A99 from Ashbury Graphite Mills, Inc., are all 
suitable for the practice of this invention. 4014 has 95% of its weight comprised of 
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paiticles between 5 and 10 microns. The graphite content of the compositions of the 
present invention result in producing resistance readings in the dried coatings of less 
than 20 K-ohm when tested over a dielectric (non<onductive surface), producmg 
cathodic conductivity infinitBly greater than can be measured with conventional zinc 
dust tedmology (organic and inorganic). 

The binder resins of the present invention may be alkyl silicate, epoxy resins 
(powder and noiHWwder) and oflier well known equivalents thereof inchiding epoxy 
esters or polyester resins. Polyester resins are not suitable the decoiq>ling process of 
the present invention or for the dry compositions used flierein as they do not dissolve 
in common solvoits. 

For a powder coating wherein a polyester resin is not the film-forming 
substance, it is required that an anti-sintering agent be presoit. In such cases, 
"AER05IL' 972 which is amorphous silica (ammphous silane-oreated pyrogenic 
silica), may be used as ibs anti-sintering agent, in the range from 0.1 to 0.3% by 
weight. Cleariy, the dry conqxKiticms of the present invoition are volatile-free, but 
all tite coating compositicnis of the present invention may be volatile-fiee or volatile 
containiiig coatings. 

In case of a powder coating, the presence of an antinntering agent is necessary 
to reduce sintering during manufacniring or storage. Amorphous silica may be 
produced by high temperanire hydrolysis of siUcon tetrachloride or by transformation 
of silica in an electric arc, Prefisned pyrogenic amorphous silicas inchide tiiose sold 
under die trademark "AEROSIL" by Degussa, and under die trademark "CABOSIL" 
by Cabot Corporation. "AEROSIL" 300 has an average particle size of about 0.007 
micron. "AEROSIL" 972 is silane treated and has an average particle size of about 
0.018 micron, whUe "AEROSIL" 974 has an average particle size of 0.008 micron. 

For a powder coating application, the presence of a curing agent/hardener is 
necessary. It is prefened tint about 0.1 % to 0.3% by weight of die total weight of die 
composition, of a hardener be present. EH-CURET 3214 by SheU Chemicals 
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(comprises about 42% bisphenol epoxy resin/diethylrae triamine adduct, about 14.6% 
pn^Iene glycol monourediyl ^faer, about 27% n-butyl alcohol, about 10.4% toluoie 
and about 6% diethylene triamine), Vestagon*B-68 by HOLS AMERICA, Inc. and 
Vestag<Hi*B-31 by HULS AMERICA, Inc. (both cyclic amidines), may be used as 
5 curing agents in the practice of diis invention. HULS B-31 inqiarts a gloss finish to 
the final coating, whereas the B-68 inqiarts a matt finish to the final coating. 

F6r a powder coatmg, 0.3-1 weight penxait of a flow control agent is preferred. 
A flow control agent makes the coating generally smoother by affecting the flow 
10 characteristics of the coating whm it is in the molten state. BYK*-36S P (a 
polyaoylate adsorbed on silicon dioxide), by Byk<3iemie is the preferred flow control 
agent. For a powder coating, 0.1-0.3% of **Aluminimi oxide C" (DeGussa), as an 
electrostatic charge modifier may be post-added for ease in electrostatic spraying. 

15 Zinc powder is available from Zmc Corporation of America (ZCA). ZCA 

1239, having a particle size 95% between 20 and 60 micnms, is preferred. As 
described above, the average particle size for zinc powder is between 20 and 60 
microns. Below 20 microns, metallic zmc is zinc dust. Zmc dust 96 by Purity Zinc 
is prefened. If zinc-coated hollow microspheres are used in the coating compositions 

20 of the present invention, microspheres havii^ an average diameter of about 2.5 to 
about 60 micnms are preferred. Such a product is sold by The PQ Corporation under 
the trademark "Metalite'-Zmc SF. It has a bulk density of about 0.85 gram per cubic 
centimeter, i.e., about 0.119 times die bulk density of the powdered zinc. As indicated 
in the above description of U.S. Pat. No. 4,621,024 the glass-like microspheres may 

25 be fly ash, which comprise about 80% to 96% by weight ahimina-silica, with small 
amounts of iron oxide, alkaline earth metal oxides and alkali metal oxides. The zinc 
coating ranges from about 15% to about 30% by weight, relative to the weight of the 
adhesive binder-coated nucro^heres. 

30 The resin binder can be any resin soluble or easily di^)ersable in a solvent, 

preferably an epOTcy powder. As is well known, epoxy resms are the reaction product 
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Of an epihalohydrin and a polyol. Shown here is the chemical structure of a bisphenol 
A epoxy and for an qxixy novalac. 




Hardening or crosslinking agents for epoxy resins include at least one 
compound with an -NH,. -CONH„ -NHR. -OONHR. and/or -COOH fimctional group, 
which reacts with the epoxy function. The preparation of epoxy resins and 
crosslinking reactions are described in United Sutes Patent 3.954,693, issued May, 
1976 to C. C. Fong, the disclosure of which is incorporated by reference, ^xy 
resins suitable for use in the present invenUon include those produced by Shell 
Chemical Company under the trademarks "EPON 3001 (modified bisphenol 
A/epichlorohydrin resin)" and "EPON 828". and by Ciba-Geigy Co. under the 
trademark "488-60 Epoxy". Other equivalent epoxy resins are commercially available 
and may be used. 

Preferably, the eppxy powder has an epoxide value (equivalent weight) of 
between 423i.and 1000, more preferably 450-800. More preferably, thciveight ratio 
of the total zinc content of the combination to the totol of the zinc, the epoxy and the 
hardener, is at least 0.8. 
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When alkyl silicale is the defied binder, a substantiaUy anhydrous ethyl silicate 
sohition in tifaanol attaining 27% ^yl polysiiicate» 52% ethylene glycol monoethyl 
ether and 13% ethanol (about 40% by wdght solids), suitable for use in the present 
invention, is sold by Silbond Corp. under the tradename "SIIJ30 Pure 
5 ediyl silicate widi die trade name "SILBOND* Pure (which has few restrictions, if any, 
on its use with respect to Federal, State or local environmental laws or regulations) 
may also be used. "SILBOND* Pure is an inorganic solvent evaporating rapidly from 
the coating and is thereby very effective in helpmg to meet stringent new VOC 
standards (greater the amount of inorganic "SILBOND* Pure used less volatiles are 

10 required). In all^l silicate based coatii^, an optimum amount of a catalyst is required 
so as to accelerate the reaction between the silicate, the zinc and the substrate. An 
optimum amount of an anti-settling agent and an optimum amount of a wetting agent 
are also required. Preferably, the catalyst is crystalline silica present in an amount of 
up to 5% by total weight of the conq)osition, die anti-settlii^ agent being amorphous 

15 siUcapresentinanam0untfiomaboutO.S to 1.5% 1^ total weight of the cornposition 
and die wetting agent is Anti Terra 204 (an electraneutral soluticm of higher molecular 
weight carboxylic acid ^ts of polyamine amides), by BYK Chemie, present in an 
amount from about 0.1 to 1 % by total weight of the composition. 

20 Cooqio^ons 1, 2, 4 and 5 disclose dry compositions utilized in the decoiq>ling 

process of the present invention. As stated before, the diy compositions can be 
manufactured at any site having grinding machines such as Hammmnills, sold under 
the trademark SEPOR®. The dry compancnts are first mixed and then reduced in size, 
{ffeferably by Hammeimills, as stated before. Size reduction is the key, however, and 

25 hence any suitable means may be used advantageously to achieve this goal. Ball 
milling or pebble milling is also possible. Preferably, all particles above 40 microns 
are removed by sieving or odier convenient means. Once made, the dry ccmqxisitions 
may be conveniendy shipped in boxes without any qspreciable environmental concerns. 

30 This powder can then be dissolved at die sze where die coating is to be applied, 

in a common solvent. The solubility of the dry composition is the k^. 

25 
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A solvent-based epoxy resin containing coating is disclosed as »anq>les 6. 8 
and 11. EPON 3001 by Shell is one oftfie preferred resins. An optimum amount of 
an anti-s^tlti% agent, an tqitimum amount of a curing agem and an optimum amount 
of a wetting agent are required for this coating. Preferably, the anti-setding agent is 
amorphous siUca present m an amount fiom about 0.5 to 1.5% by total weight of the 
composition, the curing agent is present in an amount from 3 to 10 % by total weight 
of the conqwation and the wetting agent is present man amount from about 0.1 to 1% 
by total weight of ti»e composition. The curing agent may be cured at ambient 
tempeianires preferably witti Epicure 3214 by Shell or Resimine 717 curing agent for 
baked coatings by Monsanto and die wetting agent is eitiier Dispersbyk*-181 (a solution 
of an alkanol ammonium salt of a polyfimctional polymer having anionic/non-ionic 
character) and/or Anti-terra 204 by BYK Cbemie. 

A solvent-based "air-diy" coating oontainn^ an epoxy ester as the film-forming 
substance may also be prqiared as seen in example 5. Various dryers are used to 
catalyze the oi^gen cure. Preferred dryers are cobalt, caldum and zuconium and 
combinations thereof. 

Coatings of the present invention are especially suited for use as cathodic 
coatings. The anc-comaimng substances constihite the conductive phase and are used 
as a "sacrificial anode". Znic is selected because it has a more negative standard 
electrode potential than iron, whidi is the most common substrate. The zinc in the 
coating is thus anodic with respect to die iron. Therefore, die transformation of iron 
into soluble ions, whidi mechanism forms die gist of the corrosion phenomenon, is 
considerably inhibited. The zinc corrodes by forming zinc oxide and zinc carbonate, 
which in dim forther prevents corrosion. The dried fihn, in order to give effective 
cadKxfic protection to steel, should contain zinc in a volume such tiat die particles are 
in electrical contact. The zinc mioospheres. if used, aid in diis desired configuration 
of the zinc particles. 



Coating of the present invention are prepared by mixing togedm the 
ingredients listed above or those in the specific examples. Preferably, die tighter 
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ingredioits are mixed together prior to the addition of the heavier componoits. In case 
of powder coating compositions, a two screw extruder with the c^bility to extrude 
materials of high densi^ is prefmed for obtaining optimum even distribution of the 
raw materials. The extruder used in testii^ the coatings of the present invention was 
5 the MP-PC™ series Powder Coatings Twin Screw Extruder by APV. It is preferred 
that the zinc-containing materials be fed sqiarately from all the other raw materials. 
The other raw materials are preferably premixed before feeding them separate from 
the zinc-containing materials. If sq)arate feeding is used, it is desirable that die two 
feeders are capable of bdng controlled so as to add the raw materials in the correct 

10 ratio. The post-extrusion powda- should ideally have a bulk density of below 2 gms/cc 
for effective fluidization during electrostatic spraying of the powder. In order to 
provide optimum electrostatic conductivity during spraying, from about 0.1 to about 
0.3 weight percent of electrostatic charge modifier such as aluminum oxide may be 
postnadded to the extruded powder. It is important that the powder to be sprayed have 

15 a consistent bulk density. Re-extrusion is recommended, if inconsistencies are 
observed. Partial polymerization of die epoxy resin may be avoided by mamtainttig 
a low extrusion tenqierature. The powder may then be sprayed electrostatically as is 
well known in the powder coatii^ industry. 

20 Potto- Industries, an affiliate of die PQ Corporation, sells their hollow glass 

microspheres under the trademark SFHERICELS. SPHERICQ.S are available in a 
single size, entitled 1 10P8. The 1 10P8 microspheres are slightly heavier than water 
(in terms of specific gravity) and have a bulk ctensity of 1.1 gms/cc. They have a 
crush strragtfi of greater dian 10,000 psi. They have surface oil absorption of 43.5 

25 gms oil/100 cc of glass bubbles. The avmge particle size is approximately 10 
microns. 

The following qiedfic examples are given to illustrate preferred embodiments 
of compositions of the invention but are not to be construed as a limitation on the 
30 invention herein claimed. 
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EXAMPLE 1 



A baking powder is disclosed which powder may be post-blended with the 
solvent blend reduction given below to yield a solvent-based coating. 



10 



15 



20 



25 



Percent 
9.5 



3 

1.5 



50 



23 



30 



Material 

Novolac-modified 
Epoxytem 
ETON 2012 

Phenolic Hardener 
DEH84 

Phenolic Hardens: 
DEH85 

Tine powder 1239 
(Particle size 95% 
between 20 and 
60 microns) 

zinc dust 15G 
(Particle size 95% 
b^eenSand 
12 microns) 

zinc dust #4 
(Particle size 95% 
between2and 
5 microns) 



Mannfactura- 
Shell Chemical 



Dow Chemical 
Dow Chranical 
ZCA 



Purity Zinc 



Purity Ziac 
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10 



Percent 
7.5 



0.3 



Graphite 4014 
(Paridcle size 95% 
b^eai5 and 
10 microns) 

AerosU 972 
(Amorphous, silane 
treated pyrogenic 
silica) 



MaiiiifactnrM- 

Ashbuty Graphite 



SOLVENT Bf .FNn RPnilCTION 



15 



20 



Percent 
10 



1 



Material 
MIBK 

Xylol 100 



Manufacturer 
Eastman 

Ashland 



Butanol Eastman 
20 (total of 120) 

(Zinc to binder 84%, graphite as proportion of binder 53%) 



25 



EXAMPLE2 

A two component air-dry epoxy coating is disclosed, wherein the first 
componoit is dissolvable in the second conqionent. 



EeSSat Matarlal 

30 10.5 DLR 6225 

(Bisphenol A Epoxy) 

50 zinc powder 1239 

(Particle size 95% 
between 20 and 
60 microns) 

15 zinc dust 15G 

(Particle size 95% 
between Sand 
12miatnis) 



Mannfaeturer 
Dow Gieinical 

ZCA 



Purity Zinc 
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10 



15 



20 



25 



30 



6.5 



10 



0.5 



7.5 



6.5 



7.5 



zinc dust #4 
(Paiticle size 95% 
between 2 and 
5 microiK) 

di-iron phosphide 
■ Fenophos 31 

Aerosol 972 
(Amoiphous, silane 
treated pyrogenic 
silica) 

Graidiite 4014 
(Particle size 95% 
between5 and 
10 microns) 

Curing agent 
^cure* X-70-8S15 

Methyl isobutyl 
ketone (MIBK) 

Xylol 

Solvrait - Butanol 



MnpffEBCtWtr 

Purity Zinc 



Oxy Chemical 
Degussa 



Ashbury 



Shell Chonical 

Eastman 

Ashland 
Eastman 



20 (total of 120) 

(Zinc to binder 87%, gnfihite as proportion of binder 44%) 
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A baifing industrial primer is disclosed. 



40 



16.2 
18 



Material 
EPON 2012 

DEH85 



Manufacturer 
Shell Chonical 

Dow Chemical 



45 



30 
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10 



15 



20 



Percent 


Matoial 


Manufoctiirer 


12.8 


Graphite 4014 


Ashbtuy Graphite 


17.1 


Modified zinc 
* phosphate (ZNfP) 


Heucotech LTD 


17.1 


Borositicate 
microspheres, 95% 
between 6-8 microns 
(Zeospheres 200) 


3M 


12.8 


modified CaSiO^ 
comprises 47% CaO, 50% 
SiOj, and trace amounts of 

and TiO} 


Nyco 


6 


Hollow glass 
microspheres 
(Sphericeis 110P8) 


PQCorp. 



25 



30 



35 



40 



45 



The baldng cycle is 20 minutes at 350°F. 
(gnq)hite as proportioa of Innder 37%). 

EXAMPLE4 

An air dry two component primer is disclosed, wherein said first componoit 
is easily dissolvable in the second oonqMinent. 



Percent 
25 

15 

13 
18 



bi^henol A 

epoxy 

DEH622S 

Modified zinc 

phosphate 

(ZMF) 

modified CaSiO) 
borosilicate 



Manufacturer 
Dow Chemical 

Heucotech Ltd. 

Nyco 
3M 



31 



wo 96/29372 



PCTA)S96M)3089 



microspheres 
(Zeospheres 200) 

glass microspheres 
(Sphericels 110) 



PQCorp. 



10 



15 



20 



25 



Ptercait Material 

13 4014 Gnqthite 

10 Ferrophos 31 

13 l^iciue 

Epicure* X-70-8515 

25 MIBK 

10 Xylol 

6 Butanol 

54 (total of 154) 

(graphite as proportion of binder 50%) 



Mannfticturer 
Ashbury Graphite 

Oxy Chemical 
Shell Chonical 

Eastman Chemical 
Ashland OU 
Eastman Chemical 
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EXAMPLES 



35 



40 



Part A 

3.5 
30 
45 
14 

7.5 



Matartal 

Epoxy lesin (Epon 3001) 

Zinc Powder No. 1239 

Zinc Dust (#4) 

di-iron phosphide 
Ferrophos 31 

Gr^hite powder 4014 



Manufacturer 
Shell Chemicals 

Zinc Corp. America 

Zinc Corp. America 

Oxy Chonical 

Ashbury Graphite 
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PartB 

PCrcoit Material Manufactnra- 

5 

33 SUbondH-12A Silbond 

6 Pure Silbond Silbond 



10 1^ And-settling agent 

Byk'-410 
40.4 (total 140.4) 



EXAMPLE 6 

15 

A single componoit inorganic zinc primer coating composition was 
prqnred by mixing the constituents listed below. The quantities are in percent by 
wei^t based on the total weight: 



20 


Pttcmt 


Mattrial 






30.6 


EAyl silicate 

solution, 40% by weiglit 

solids (SUbond H-12A) 


SUbond 


25 


4.5 


Pure Ethyl silicate solution 
(Pure SilbontO 


Silbond 




26.6 


Zinc Powder (1239) 


Zinc Corporation of Ammca 


30 


26.6 


Zinc Dust iit€) 


Purity Zioc 




2.8 


Ciystalline silica. 9 microns 
(Novacite 337) 


Malvem Minerals 


35 






Manufoctnrer 


40 


0.9 
7.5 


Amorphous silica, 0.007 
microns (Aoosil 300, 
pyrogenic silica) 

Gra[diite powder 4014 


Degussa 
Ashbury 
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0.5 Wetting agrat BYK Chemie 

(Anti Terra 204 
ncHiionic) 

5 (graphite as proportion of binder 21 %) 



EXAMPLE? 

<I0 A two conqionent zinc microsphere epoxy coating composition was 

prepared by mixing the constituents Usted below. The quantities are in percent by 
weight based an the total weight: 



15 



20 



25 



30 



35 



40 



Percent 


Material 


Manufacturo* 


13.8 


Epoxy resin (Epon 3001) 


Shell Chemicals 


24.6 


Zinc Powder (1239) 


Tiac Corp. America 


24.6 


Zinc Dust (#44) 


Zinc Corp. America 


5.9 


Zinc-coated microspheres 
(M^lite - Zinc SF. 
particle size 2.5-60 microns) 


PQCorp. 


0.4 


Wetting agent 
(Dispersl^k"-181) 


BYK Chemie 


8.2 


(kaphite powitar (4014) 


Ashbuiy 


0.9 


Amorphous silica (aerosil 972 
silane treated pyrogenic silica) 


Degussa 


Percent 


Mftteritil 


Mflnnfacturer 


12.3 


Solvent Blend (SO methyl 
isobutyl ketone SO xylol) 


Eastman, Ashland 



(zinc to binder 79%, graphite as proportion of binder 59%) 

RSflB 



34 



W096/»372 



PCr/US9«W3089 



Pigcait Matoriai 

7.0 ^icure 3214 

2.1 Co-solvent (Butanol) 



Manufacturer 

Shell 
Shell 



EXAMPLES 

10 A two conqxnient inoiganic zinc rich primer coating composition was 

prqnied by mixing the constituoits listed below. The quantities are in percent by 
weight based cm the total weight: 



15 



20 



25 



30 



35 



40 



PartA 

Percent 

32.0 

2.5 

8.0 
1.0 

0.5 

PartB 
Percent 
28.0 
28.0 



Material 

Ethyl silicate solution, 
29% by weight solids 
(Silbond H-6-Q 
Crystalline silica. 9 microns 
(Novacite 337) 

Gn4)hite powder (4014) 

Stispenaon agem, 
amorphous silica, 0.007 
microns (Aerosil 300. 
pyrogenic silica) 
Wetting agent (Anti Terra 
204 nonionic) 



Matffial 

Zinc Powder (1239) 
Zinc Dust (#6) 



Manufacturer 
Silbond 

Malvern Minerals 

Asbbuiy 
Degussa 

BYKChemie 



Manufacturer 

Zinc Corporation of America 

Puri^ Zioc 



Instructions: Add part B to Part A, mixii^ for ^roxunately 10 minutes prior to 
qiplicatioD (gn^hite as proportion of biiuier 25%). 
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5 EXAMPLE 9 

A two component epoxy coating composition was prepared by mixing the 
constitueiits listed below. The quantities are in percent by weight based on the total 
weight: 

10 



20 



Part A 






Percent 


Maicnai 


M anufactiirer 


11.8 


Epoxy lesin (fipoa 3001) 


Shell Chemicals 


38.7 


Zinc Powder (1239) 


Hdc Coip. of America 


20.5 


Zinc Dust (#44) 


Zinc Coip. of America 


6;8 


Graphite (4014) 


Ashbuiy 


0.9 


Amorphous silica (aerosil 
972 silane treated i^genic 
silica) 


D^ussa 


0.4 


Diq)ersbyk*-181 


BYKChemie 


0.4 


Wetting agent (And Toxa 
204ttooionic) 


BYKChemie 


12.5 


Solvent Blend (50% methyl 
isobutyl ketone plus 50% 
xylol) 


BYKChemie 



35 £liLB 

Ptercent m»BM MMWfatfHWr 

5.9 Epicure 3214 SheU 

40 

3 2 Butanol Shdl 
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(zinc binder 83%, graphite as pn^rdon of binder 57 %) 

A single componeiit air diy primer coating conq)osit]on was prepared by 
mixing the constinients listed below. The qiiantities are in percent by weight based 
on the total weight: 



10 



15 



20 



25 



30 



35 



40 



Perecttt Matarial 

23.4 Epoxy Ester (38-411) 

7.8 Solvent Blend (50% methyl 

ethyl ketone plus 50% mineral 
spirits) 

29.2 Zinc Dust (#44) 

29.2 Zinc Powder (1239) 

7.8 Graphite (4014) 

0.8 Amorphous silica (aerosil 

972 sUane treated pyrogoic 
silica) 

0.2 6% Cobalt sohiticm 

0.3 6% Calcium solution 

0.6 12% Zirconium solution 

0.3 Wetting agent (Anti Terra 

204 nonionic) 

Pterccnt Material 
0.3 Dispersbyk*-181 
0.1 Anti Skim j» 



Manufacturer 
Reichhold 



Zinc Corp. of America 
Zinc Corp. of America 
Ashbuiy 
Degussa 

Huls 
Huls 
Mooney 
BYKChemie 

Manufacturtt- 

BYKChemie 

Huls 
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A polyester resin based zinc rich powder coating composition was prepared 
by mixing the constituents listed below. The quantities are in percent by weight 
based on the total weight: 





Percent 


Materia 


Manufactiirer 


10 


16.4 


Polyester Resin (3065) 


McWorter 




0.9 


Curing Agent (XL-552) 


Rohm & Haas 




38.0 


Zinc Powder (1239) 


Zinc Corp. of America 


15 










38.0 


Zinc Dust (#44) 


Zinc Corp. of America 




6.5 


Graphite (4014) 


Ashbury 


20 


0.2 


"aluminum oxide C" 
post added to improve 
electrostatic charge 


Degussa 



25 



(zinc to bnider 82%, graphite as proportion binder 39%) 

EXAMPLE 12 



30 



35 



A coating composition was prepared by mixing the cons ti t u e nt s listed 
below. The quantities are in percent by weight based on the total wdght: 



Poxent Matjaial 

11.5 resin (Epon 3001) 

3.0 Melamine curing agent 

(Resimine 717) 



Shell 
MtHisanto 



30.5 



Zinc dust (#44) 



ZCA 
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30.5 Zinc Ptowder (1239) ZCA 

8.5 Graphite (4014) Ashbury 

1.0 Amorphous silica (aerosil Degussa 

972 silane treated pyrogenic 
silica) 

0.4 Dispersbyk*-181 BYKChemie 

0.4 Wetting agent (Anti Teiia BYK Chemie 

204 ttonionic) 

14.2 Solvent Blend (40% methyl 

isobutyl ketone plus 
10% butanol plus 50% xylol) 

(zinc to binder 86%, graphite as proportion of binder 42%) 



EXAMPLE 13 



A zinc-rich electrostatic powder primer coating composition was prqiaied 
by mixing the constituents listed below. The quantities are in percent by weight 
based on the total weight: 



Percoit 


Material 


Manufacturer 


16.0 


q)oxy resin 


Shell 




EponSOOl 




2,5 


curing agent 


Huls America 




HuIsB-31 




0.3 


flow control agent 


BYKChemie 




BYK 365-P 




48.5 


Zinc Powder 1239 


ZCA 


P^icent 


Material 


Manufactura- 


25.5 


Zinc Dust #44 


ZCA 


6.8 


conductive agent 


Ashbury 




Graphite (4014) 
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0.2 



Hydrophobic silica 



Degussa 



Aerosil972 



5 



0.2 



electrostatic charge modifier Degussa 
Alinnimim oxide ® 



(zinc to binder 82%. grapUte as part of binder 42%) 

Thus, it is iqjpaient that there has been provided, in accordance with the 
1 0 invention, a coating compoation conqnising gnphite powder, whidi fiilly satisfies 

the objects and advantages set forth above. While Ae invention has been desnibed in 
conjunction with specific embodiments thereof, it is evident that many alternatives, 
modifications, and variations will be qjparent to those skilled in tiie art in light of tiie 
foregoing descriptioa Accordingly, it is intoided to onbrace all such alternatives, 
1 5 modifications and variations which fall within the spirit and broad scope of the 
appaaded claims. 
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What is claimed is: 

1. A cpiiqx)sition conqprisiiig zinc in the fonn of zinc powder and/or zinc 
dust, a resin binder, grqihite powder, whoein the weight percentage of zinc as part 
of the combined amount of zinc and binder is from about 75 to about 90%, and 
graphite is present at a level of about 20-60 weight % of the binder, and wherein 
said composition is pr^ared by dry blending of all the ingredients followed by 
grinding and screenmg. 

2. The composition of claim 1 wherein said screened, blended ingredioits 
have a particle size of less than about 40 microns. 

3. The con^osition of claim 2 wherem screened, blended ingredients are 
sohible in a solvent selected from the group consisting of ketones, acetates, 
alcohols, aromatic solvents, aliphatic solvents and mixtures of the above. 

4. The conq>osition of claim 3 further comprising a curing agent wherein 
said curing agent is also soluble in said solvmts. 

5. The composition of claim 4, wherein said curing agents are selected from 
the group consisting of polyacrylates, polyurethanes, aromatic amines, cyclic 
amines, amine adducts, cyclic amidines, dicyandiamides and accelerated 
di^andiamides. 

6. The composition of claim 1 wherein said binder resin is a solid bisphenol 
A epoxy. 

7. The composition of claim 6, whoein said an cpoxy resm has an 
equivalent weight ranging from bc^een 425 and 1 ,000. 
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8. The composition of claim 1 wherein said binder resin is an epoxy 
novolac. 

9. The composition of claim 8, whwein ssud epoxy novolac is an epoxy 
resin modified with about 14-19% fonnaldehyde novalac. 

10. The composition of claim 1, wherein di-iron phosphide replaces up to 
35% of the zinc. 

11. The composition of claim 1, wherein the weight percentage of zinc as 
part of tiie combined amount of znic and binder is from about 79 to about 87%. and 
graphite is present at a level of about 39 to about 59 weight % of the binder. 

12. The composition of claun 1» wherein said graphite powder is 
approximately 10 microns in average particle size. 

13. In a process for the manufacture of a solvent based coating composition, 
an improvement process for decoupling tiie use of tfie solvents from tiie formation 
of the remainder of the coating, comprising the steps of: 

dry blending a mixture of zinc in the form of zinc powder and/or zinc 
dust, a resin binder and graphite powder, wherein tiie weight percentage of zinc as 
part of tiie combined amount of zinc and binder is from about 75 to about 90%, and 
graphite is present at a level of about 20-60 weight % of tiie binder; 

grinding and screening said particles so that the particle size of a 
substantial majority of said mixture is less tiian 40 micnms; and 

dissolviog said screened mixture in a suitable solvent at a location remote 
from site of said above two stq>s. 

14. The process of claim 13, wherein said solvent is selected from the group 
consisting of ketones, acetates, alcohols, aromatic solvents, aliphatic solvents and 
mixtures of the above. 
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15. The process of claim 14, wherein said dry blending includes a curing 
agent, said curing agmt also being sohible in said solvent. 

16. The process of claim 15, wherein said curing agents are selected from the 
groiq} consisting of polyacrylates, polyurethancs, aromatic amines, cyclic amines, 
amine adducts, cyclic amidines, dicyandiamides and accelerated dicyandiamides. 

17. The process of claim 13 wherein said binder resin is a solid bisphenol A 
epoxy. 

18. The process of claun 17, wherein said an epoxy resin has an equivalmt 
weight rangii^ from between 425 and 1,000. 

19. The process of claim 13 wherein said binder resin is an epoxy novolac. 

20. The process of claim 19, wherein said epoxy novolac is an epoxy resin 
modified with about 14-19% formaldehyde novalac. 

21 . The process of claim 13, wherein di-iron phosphide replaces up to 35 % 
of the zinc. 

22. The process of claim 13, wherein the weight percentage of zinc as part of 
the combined amount of zmc and binder is firom about 79 to about 87 %« and 
graphite is present at a level of about 39 to about 59 weight % of the binder. 

23. The process of claim 13, wherein said graphite powder is 2q>proximately 
10 microns in average particle size. 

24. In a coating composition conq>rismg a resin binder, the improvement 
comprismg: 

firom about 50% to 80% of a zinc containing substance; and 
from about 4 to 20% of graphite. 
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25. The composition of claim 24, wherein said binder is selected fix>m the 
groiq) consisting of alkyl silicates, epoxy resins, epoxy ester resins, polyester lesins 
and mixtures thereof 

26. The composition of clahn 25, further comprising from about 10 to 20% 
solvent 

27. The coating composition of claim 24 wherein said binder comprises from 
about 30% to 40% of alkyl silicate as a film forming substance; from about 50% to 
60% of a zinc containing substance is present said substance being selected from the 
group consisting of zinc powder, zinc dust, zinc-coated microspheres and mixtures 
thereof; the composition further comprising a catalyst so as to accelerate the 
reaction between the silicate, the zinc and the substrate; an anti-settling agmt; and a 
wetting agent. 

28. The coating composition of claim 27, wherein said catalyst is crystalline 
silica present in an amount of up to 5% by total weight of the composition, said 
anti-settling agent being amorphous silica present in an amount from about 0.5 to 

1 .5 % by total weight of the con4)Osition and said wetting agent is present in an 
I amount from about 0. 1 to 1 % by total weight of the composition. 

29. The composition of claim 27, wherein the alkyl silicate comprises, in 
weight percent, based on the weight of the alkyl silicate, from about 5 % to 20% of 
tetraethyl orthosilicate. 

30. The coating composition of clafan 24, wherein binder comprises from 
about 10% to 30% of an epoxy resm as a fihn formmg substance; from about 50% 
to 75 % of a zinc containmg substance is present said substance being selected from 
the group consisting of zinc powder, zinc dust, zinc-coated microspheres and 

5 mixnires thereof; the composition further con^irismg an anti-settling agent; a curing 
agent; a wetting agent; and from about 10 to 20% solvent. 
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31 . The coixqN>sition of claim 30, wherein said anti-s^ing agoit is 
amorphous silica present in an amount from about O.S to 1.5% by total weight of 
the composition, the curing agent is present in an amount from 3 to 10% by total 
weight of the composition and said wetting agent is present in an amount from 

5 about 0. 1 to 1 % by total weight of the composition. 

32. The composition of claim 24 wherein said binder comprises from about 
10% to 30% of an epoxy resin as a fifan forming substance; wherein fix>m about 
50% to 80% of a zinc containing substance is presat, said substance selected from 
the group consisting of zinc powder, zinc dust and mixtures thereof; the 

5 compositicm ftirther comprisii^ an anti-smtering agent. 

33. The composhion of claim 32, conqmsing about 70 to 80% of a zinc 
containing substance, fiirtfaer comprising: a curing agent; a flow control agent; and 
an electrostatic charge modifier which is post-added to the powder composition. 

34. The conqiosition of claim 33, wherem said antisintering agmt is 
amorphous silica present in an amount from about 0.1 to 0.3% by total weight of 
the composition, said curing agent is preset in an amount from about 0.1 to 0.3% 
by total weight of the composition, said flow control agent is present in an amount 

5 from about 0. 1 to about 1 % by total weight of the composition, and said 

electrostatic charge modifier is present in an amount from about 0.1 to 0.3% by 
total weight of the composition. 

35. The composition of claim 33, wherein said epoxy powder has an epoxide 
value of between 450 and 800. 

36. The composition of ck&im 33, wherein the weight ratio of the total zinc 
content of the combination to the total of the zinc containmg substance, the epoxy 
and the curing agent, is at least 0.8. 

37. The composition of claim 30. wherein said epoxy resin is an epoxy ester. 

45 



PCT/US96/03089 

The coating composition of claim 24« wherein said binder comprises 
from about 10% to 20% of a potyester resin; wherein ftom about 60% to 
80% of a zinc containing substance is presmt, said substance selected 
fh>m the group consisting of zinc powder, zinc dust and mixtures thereof. 

39. The composition of claim 38, being a powder coating composition and 
further comprising: a curing agent; and an optimum amount of an electrostatic 
charge modifier. 

40. The composition of claim 39. wherein said curing agent is present in 
amount ftom about 0.1 to about 0.3% by weight of the total composition and 
wherein said electrostatic charge modifier is post-added to the powder in an amount 
ranging from about 0.1 to about 0.3% by weight of the total composition. 

41 . A powder coating composition comprising: 
from about 15 to 20 weight percent epoxy resin; 
from about IS to 20 weight percent phenolic hardener; 

from about 15 to 20 weight percent of a modified zinc phosphate; 
from about 25 to 35 weight percent of hollow glass microspheres; 
from about 10 to 15 weight percent of a graphite powder; and 
from about 10 to 15 weight percent of a modified CaSiOj. 

42. The composition of claim 41, wherein said epoxy is a novolac modified 
qK>xy resin. 

43. The composition of claim 42, wherein said graphite has an average 
particle size of approximately 10 microns. 

44. The composition of claim 43, comprising at least two different types of 
glass microspheres. 
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An air-dry two part coating composition comprising part A and part B, 
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wherein part A comprises from about 20 to about 30 weight percent of an 
epoxy resin, firom about 10 to 20 percent of a modified zinc phosphate, from about 
10 to IS percent of modified CaSiOj, from about 20-30 weight percent of hollow 
5 glass microspheres, from about 10-15 percent of graphite powder and frxim about 8- 
12 percmt of di-iron phosphide; and 

wherein part B comprises from about 15-25 weight percent of a curing 
agoit and about 75 to 85 percent of a solvent; 

part A being easily dissolvable in part B. 

46. The composition of claim 45, wherein said epoxy is a bisphoiol A epoxy. 

47. The composition of claim 46, wherein said graphite has an average 
particle size of s^yproximately 10 microns. 

48. The composition of claim 47, comprising at least two different types of 
glass microspheres. 

49. The compositi(m of claim 48, wherein said solvent comprises methyl 
isobutyl tetone, xylol and butanol. 

50. The composition of claim 49, wherein said curing agent is a polymeric 
amido amine. 

51 . The composition of claim 3, wherein said solvent includes liquid curing 
agents. 

52. The conqxisition of claim 51 , wherein said liquid curing agents are 
selected firom die group ccmsisting of amidoamines, polyamides, phenolics, 
aliphatic amines, melamines, cylcolaiphatic amines and ketimines. 

53. The composition of claun 4, wherein said conqx)sition further includes 
soluble pigments selected from the group consisting of zinc phosphates, iron oxides, 
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borosilicate hollow glass microspheres, silicas, titanium dioxide, caibon black, 
chromium oxide, anc oxide and fumed silica. 

54. The process of claim 14, wherein said solvent inchides liquid curing 
agents. 

55. The process of claim 54, wherein said liquid curing agents are selected 
from the group consisting of amidoamines, polyamides, phenoUcs, aliphatic amines, 
melamines, cylcolaiphatic amines and ketimines. 

56. The conqiosition of claim 55, wherein said composition furtho: includes 
soluble pigmmts selected from the group consisting of zinc phosphates, iron oxides, 
borosilicate hollow glass microspheres, silicas, titanium dioxide, carbon black, 
chromium oxide, zinc oxide and fumed silica. 

57. The composition of claim 51 , wherein said curing agents are inorganic. 

58. The composition of claim 57, wherein said inorganic curing agent is alkyl 
silicate. 

59. The process of claim 54, wherein said curing agrats are inorganic. 

60. The process of claim 59, wherein said inorganic curing agent is alkyl 
silicate. 
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